The rapid growth of household electricity consumption is threatening the sustainable development of China's economy and environment because of its impacts on the operation efficiency of the electric power system. To recognize the driving factors of the consumption growth and offer policy implications, based on the consumption-related data of 2015 and 2016, this research used the rank sum ratio (RSR) method to divide China's 30 provinces into 5 groups and a logarithmic mean Divisia index (LMDI) algorithm to decompose the composition growth of each group into the quantitative contribution of each driving factor. The following conclusions were drawn from the empirical analysis. (1) The Yangtze basin is the most vigorous region of consumption growth and should be principally monitored. (2) Climate conditions have a remarkable impact on consumption growth and should be a key consideration when making differentiated household electricity policies.
Introduction
The rapid growth of household electricity consumption is threatening the sustainable development of China's economy and environment. Thus, this study aims to identify the driving factors of consumption growth and to offer policy implications in guiding the development of China's electric power system. At present, China has the world's largest electric power system. In 2018, China's installed power generation capacity was 1.90 billion kW and generated 7.11 trillion kWh, approximately accounting for 27.4% and 25.4% of the world's total, respectively [1] . Electricity generated by fossil energies has always accounted for the single largest part of the country's total, given that China has abundant coal resources and has been building a considerable amount of coal-fired power plants [2] . Since the foundation of the People's Republic, China's share of electricity generated by fossil energies has never been less than 70% [1] . At present, thermal power plants consume 37.3% of China's fossil energies and emit 40.9%, 32.8%, 36.7%, 16 .3%, and 31.4% of CO 2 , SO 2 , NO x , industrial dust, and waste gas of the country's total, respectively [3] [4] [5] . These plants are the largest fossil energy consumers and pollution sources of China.
Since the second half of 2014, China has transformed the previous high-speed extensive development mode into a "new normal," characterized by lowering economic growth, upgrading its industrial structures, and converting the motivating force of economic growth from key elements and investment into innovation to realize the sustainable development of economy and environment [6] . In this new normal development mode, households have become a major factor in raising China's electricity consumption with the slowdown of the growth of the industrial electricity demand. In the past four years, although the households' consumption share did not exceed 15%, they contributed 30% of China's electricity consumption growth [7] .
The rapid growth of household electricity significantly impacts China's sustainable development. First, this phenomenon lowers the efficiency of electricity generation. Compared with the industry, the electric load of the household has a larger peak-valley rate ((peak load-valley load)/valley load). Generally, electricity cannot be stored in a large scale. Thus, additional reserve capacity is required to maintain a balanced supply and demand at any time with the share increase in household electricity consumption. In China, this role is generally played by thermal power plants. To satisfy the requirements of the dispatch department of the grid company, these units should frequently start and stop or remain in the state of spinning reserve for a long time. Evidently, this approach reduces the electricity generation efficiency of thermal power plants [8] . Second, it increases transmission loss. Transmission loss is inevitable given that the transmission line is not superconductive. On average, 6.7% of electricity is lost during transmission in China [9] . As China's household electricity supply adopts low voltage with long transmission length, and its line quality is poor, this part of line loss rate generally exceeds 15%, which is much higher than the average. The rapid increase in household electricity consumption inevitably raises the loss rate of electricity transmission. Third, it adds the operating cost of industrial and commercial enterprises. China has implemented a cross-subsidy system for electricity prices to manifest the superiority of the social system since the People's Republic was founded in 1949. That is, it sets a low electricity price for households and high electricity prices for industrial and commercial enterprises [10] . The cost of industrial and commercial enterprises in the cross-subsidy system continues to increase with the sheer increase in household electricity consumption. This research aims to identify the driving factors of China's household electricity consumption growth and offer policy implications to mitigate these impacts.
This research is structured as follows. Following the introduction, Section 2 reviews the literature related to this research. Section 3 introduces the methodology and data source. Section 4 presents the empirical results. Section 5 discusses these results. Finally, Section 6 summarizes the key findings and provides the policy implications of the research.
Literature Review

Driving Factor Selection
In theory, population is the basis of household electricity consumption. Evidently, if the people in a region disappear, then the household's electricity consumption will not also exist. Furthermore, some studies have recently confirmed that energy consumption presents different patterns because people in rural and urban areas have various living conditions and habits [11, 12] . Thus, populations in rural and urban areas are selected as the potential driving factors of China's household electricity consumption growth.
The wealth level, which is generally measured by per capita disposable income, should also be considered when analyzing China's household electricity consumption. Mcneil and Letschert [13] adopted the econometric parameterization method to analyze the relationship between income and residential electricity consumption in developing countries. They found that the rate of appliance ownership increases with income. This phenomenon is a major factor of the growth of residential electricity consumption in developing countries. He and Reiner [14] used the statistical method to confirm the correlation between China's household electricity demand and income. They also found that electricity consumption patterns differ between the rural and urban households. Yin et al. [15] and Khanna et al. [16] also drew similar conclusions. As a result, the income level is also considered in this research as a potential driving factor.
The same as most of the other commodities, the household electricity demand is affected by its price. Meng et al. [17] used a three-dimensional model to decompose the growth of China's household electricity consumption per capita. They found that because China has maintained low prices for household electricity based on large-scale subsidies, the price is, in general, not a major factor for the increase in the consumption level during the period of 2001-2014. Khanna et al. [16] also confirmed this result. Therefore, aside from the implementation of the tiered price [18, 19] , the Chinese government has increased the overall price level for household electricity in recent years [9] . This research measures the current actual impact of price on the change of the household electricity consumption. Furthermore, given the various climate conditions and many different living habits, China's energy consumption generally presents different patterns among regions because of its vast area [20] . For this reason, this study initially performed a clustering analysis of China's provinces in terms of the growth pattern of household electricity consumption, and then recognized the driving factors of the consumption growth in each group.
Clustering and Decomposition Methods
The K-means iterative algorithm [21] is a classic clustering method. It sets several original clustering centers and adjusts the center locations and clustering results by iteration. This method suits large clustering objects and can rapidly obtain the clustering results. However, this research only has 30 clustering objects (provinces), and outliers may well exist because of the complicated natural and social environment. Thus, ascertaining original clustering centers is difficult. The technique for order preference by similarity to ideal solution (TOPSIS) [22] algorithm can deal with small-sample clustering problems. It calculates the distance between two clustering objects and generates a dendrogram based on the distance results. The dendrogram can offer clustering results after setting the group number. The limitation of the TOPSIS method is that it does not consider the relative importance of the indicators. That is, all characteristic indicators should have equal importance for the clustering results. When clustering China's provinces based on the growth pattern of household electricity consumption, not all indicators (e.g., growth speed of consumption, population, income, and electricity price) are equally important. The rank sum ratio (RSR) [23] algorithm is also a small-sample clustering method that originated from the comprehensive evaluation. Its unique rank assignment method can distinguish the relative importance of the indicators and overcome the impacts of the outliers. Thus, this method is used for the clustering analysis in this research.
At present, there have been some research works on the changes in energy consumption over time in households. Xu and Ang [24] proposed a hybrid model and used it to decompose the changes of the residential energy consumption of Singapore. Their research focused on the impacts of family conditions (e.g. room and number of appliances), but the macroconditions (e.g. income and electricity price levels considered in this research) were not considered. Nie and Kemp [25] also conducted a similar analysis using China's data. Zhang et al. [26] investigated the difference of residential energy consumption between urban and rural areas. González et al. [27] analyzed the factors behind the change in aggregate energy consumption in the EU-27, and identified differences between member states. These research works offered policy implications based on the comparison, not the analysis of consumption changes of a region itself.
In the current research, a decomposition model is required to identify the driving factors of China's household electricity consumption growth. At present, data envelopment analysis and Malmquist productivity index (DEA-MPI) [8, 28] , Laspeyres index decomposition [29] , and logarithmic mean Divisia index (LMDI) decomposition [30] are widely used. DEA-MPI is generally used to decompose the changes of relative efficiency of the same objects (e.g., industrial sectors in a country [8] or companies in the same industry [28] ). Hence, it is not suitable for this research. The Laspeyres index and LMDI decomposition methods have similar functions in most cases, but the latter is generally preferred in decomposition analysis because of its superiority in theoretical foundation, adaptability, ease of use and result interpretation, and some other desirable properties in the context [31] . As a result, the LMDI decomposition method is selected in this research.
Methods and Materials
RSR Clustering Method
Essentially, the RSR analysis comprehensively evaluates the performance of each clustering object and ascertains the group it belongs to according to the evaluation score [23] . It usually includes the following process: indicator grade recognition, rank assignment, RSR calculation, probability distribution calculation, fitting equation estimation, and object clustering [32] . This research followed this process to perform the clustering analysis of the considered provinces.
LMDI Decomposition Algorithm
The LMDI decomposition algorithm uses a multiplication equation as the starting point and the logarithmic mean algorithm to ensure the completeness of the decomposition results [30, 31] . Following this idea, this research decomposed the changes of household electricity consumption into the contributions of electricity price level (C 1 ), burden level of electricity expenditure (C 2 ), income level (C 3 ), and population (C 4 ).
Rebound Effect
The energy rebound effect refers to the discrepancy between the actual and expected energy-savings [33] . Specifically, the improved energy efficiency gives rise to not only a decrease in energy consumption but also reduction in energy prices. However, lower price increases energy consumption to some extent, thereby causing the rebound effect [34] . Figure 1 shows the economic basis of electricity rebound effect caused by price change. In Figure 1 , line 1 (L 1 ) and line 2 (L 2 ) denote two different electricity price levels (L 1 > L 2 ). Initially, when the electricity price level is L 1 , the household electricity demand is D A and the corresponding electricity consumption expenditure is E A . When the electricity price is decreased to L 2 , the corresponding electricity consumption expenditure is E B . However, because of the decrease in the electricity price, the households consume more electricity and finally reach D C . Evidently, (D C −D A ) is the electricity rebound caused by price change.
Data Selection
As mentioned in the Introduction, the provincial data are used in this research. Among all China's provinces, only Taiwan is uncontrolled by the Chinese central government. Hong Kong and Macao are special administrative regions with far more autonomy than the other provinces. For these reasons, these regions were not considered in the present research. Meanwhile, Tibet's energy consumption was extremely small, thus its energy related values were not published in the statistical yearbook. Thus, Tibet was also excluded from our research.
The household electricity consumption data were selected from the "Energy Balance" 
Results
RSR Clustering Result
Using the data in Table 1 , the rank assignment of each indicator in each province was calculated and listed in Table 2 . In Table 2 , considering that the growth speed of household electricity consumption is evidently the most important positive indicator for the growth pattern, this indicator is classified into Grade 1. Population is the direct basis of household electricity consumption and identified as a positive Grade 2 indicator. Compared with population, income and electricity price are less important and therefore placed in Grade 3. Electricity price is a negative indicator because its increase curbs the household electricity consumption growth. In addition, considering that population and electricity consumption scales differ among provinces, this research used the growth rate as the basis of rank assignment. The RSR of a province is then obtained by calculating the mean of the rank assignment results of each indicator [32] . These results are also listed in Table 2 .
Following the clustering process, the RSR values in Table 2 are listed in Table 3 in an ascending sort order. The accumulative frequency, quantile for normal distribution, probit values, and the following equation was obtained: RSR = 0.212 + 0.06 · Probit.
(1) The fitting results to the RSR values were obtained by inputting the probit values into Equation (1). These results are also listed in Table 3 .
This research divides the considered provinces into five groups. According to the RSR method [32] , 3.2, 4.4, 5.6, and 6.8 correspond to probit thresholds. Then, the range of fitted RSR for each group was obtained by inputting these thresholds into Equation (1). Table 4 lists the clustering results for all considered provinces obtained by the ranges of fitted RSR. The results of fitted RSR are listed in Table 3 . 
Factor Decomposition Result
The quantitative contribution of each driving factor in each province for the household electricity consumption growth was obtained using the data in Table 1 and the LMDI decomposition algorithm, listed in Table 5 . Table 5 . Quantitative contribution of each driving factor in each province for the household electricity consumption growth.
Group
Province The unit is million kWh. Table 5 shows the quantitative impacts of driving factors on the change in the household electricity consumption. For example, −14.4 in line 2, column 3 indicates that because of the increase in electricity price, the household electricity consumption in Heilongjiang decreased by 14.4 million kWh during 2015-2016. Table 4 lists the clustering results. To observe the geographic distribution of each group, the map of China was colored accordingly (only the considered provinces were included) with different gray levels (Figure 2 ). Figure 2 reveals an interesting phenomenon. The growth pattern of household electricity consumption of different provinces tend to relate to their geographic distributions. In general, except for a few outliers, the northern provinces tend to have small RSRs (Groups 1 and 2). In fact, the smallest 10 RSRs are from north China. Instead, the southern provinces have large RSRs (Groups 3, 4, and 5), and the Yangtze basin (Qinghai, Sichuan, Chongqing, Hubei, Hunan, Anhui, and several neighbor provinces of them) has the largest RSR. In accordance with the RSR clustering process, a large RSR score indicates high growth speed of electricity consumption, population, per capita disposable income, and stable electricity price. That is, provinces with large RSRs have large growth vitality of household electricity consumption. In this sense, south China has a larger growth vitality of household electricity consumption than north China, and the Yangtze basin is the most vigorous region. Considering the huge potential of consumption growth, to maintain the stable and economic running condition of the electric power system, this region should be principally monitored. Figure 2 also shows that the neighboring provinces tend to be in the same group, particularly those at similar latitudes. Except for a few outliers, Figure 2 presents several geographic distribution belts. For example, Jilin, Liaoning, Hebei, Inner Mongolia, Shanxi, and Ningxia belong to Group 2. The provinces at similar latitudes have similar climate conditions; thus, this condition has an important impact on the growth of household electricity consumption.
Discussion
Geographic Distribution Analysis
OutlierAanalysis
As shown in Table 3 and Figure 2 , the RSR of Beijing and Shanghai is significantly larger than that of its neighbors. Thus, they have a larger growth vitality of household electricity consumption. Using the statistics listed in Table 1 , Table 6 shows the indicator comparison of Beijing, Shanghai, and other considered provinces. Table 6 shows that Beijing and Shanghai have similar indicator values. However, compared with other provinces, they have much higher urbanization rate, income level, and growth speed of household electricity consumption. The former two indicators are decided by the social-economic conditions, but wherefrom does the high growth speed of household electricity consumption originate? The rebound effect can explain this phenomenon.
The electricity rebound effect differs among China's different regions [35] . The household electricity consumptions of underdeveloped regions are used for the basic needs; hence, they are not sensitive to the price changes. Moreover, for the same province, as the urban regions have a higher income level (Table 1) , they have a significant rebound effect.
As the most developed regions of China, Beijing and Shanghai have the best conditions for electricity rebound effect. From 2015 to 2016, the nominal electricity price changed slightly. However, because of the high-speed growth of income, the actual electricity price (price/income) decreased greatly. In fact, the actual electricity price of these two regions decreased by 7.8% and 8.1% in this period. Promoted by the rebound effect, these household electricity consumptions increased by 11.8% and 17.4%. Therefore, the rebound effect is a major driver of the household electricity consumption growth of China's most developed regions. In China, the income levels of some cities (e.g., Shenzhen, Guangzhou, and Tianjin) are rapidly approaching Beijing and Shanghai. It can be predicted that the rebound effect will be a major driver for the household electricity consumption growth in these regions. Considering that this part of consumption growth is sensitive to price changes, the Chinese government can select this measures to deal with this effect. Table 5 demonstrates the quantitative contribution of each driving factor to the change in household electricity consumption in each province. The mean contribution values in each group and total provinces were calculated to analyze the contribution difference of the driving factors among groups (Figure 3) . Figure 3 shows that C 3 (income level) is the most important driving factor in all provinces. In fact, the household electricity consumption of all the considered provinces increased by 74.9 billion kWh (Table 1) , and C 3 contributed 67 billion kWh (89.5%) ( Table 5 ). This part of growth can be explained by appliance increase with the improvement of the income level [13] . Hence, increasing the energy efficiency of the household appliance is an important policy direction to mitigate this impact. In comparison with C 3 , the impact of C 2 (burden level of electricity expenditure) differs among groups. Specifically, C 2 presents negative impacts for provinces with low growth vitality of household electricity consumption. That is, the growth speed of the household electricity consumption expenditure is lower than the income. For these regions, electricity is a necessity for households and not a luxury. However, for provinces with high growth vitality of household electricity consumption, the situations are the opposite. As a result, differentiated cross-subsidy policies should be considered. For provinces with low and high growth vitalities, the subsidy should be increased and decreased, respectively. The impacts of C 1 (electricity price) and C 4 (population) are negligible for most considered provinces. This means that, because electricity price and population changed very slightly, they did not cause the significant changes of household electricity consumption.
Driving Factor Analysis
Conclusions
This research used the RSR method to perform the clustering analysis of China's provinces based on household electricity consumption characteristics, and an LMDI decomposition algorithm to recognize the driving factors of the consumption growth of each group. The following implications are drawn from the empirical analysis.
(1) The growth vitality of household electricity consumption of a region is highly related to its geographical location. Generally, compared with the north province, South China has a larger growth vitality, and the Yangtze basin is the most vigorous region. China should pay attention to the consumption growth of vigorous regions.
(2) The neighboring provinces at similar latitudes tend to have similar growth vitality of household electricity consumption. This finding implies that climate conditions significantly affect household electricity consumption. This result should be a key consideration when making differentiated household electricity policies.
(3) The rebound effect has already appeared in a few of the most developed regions. This effect becomes increasingly significant with the development of China's economy. Electricity price is an effective measure for the Chinese government in dealing with this effect.
(4) The improvement of income level is the most important driving factor for the growth of China's household electricity consumption. At present, it contributes approximately 90% of the consumption growth. To mitigate this part of growth, increasing the energy efficiency of the household appliance is an important policy direction.
(5) The impact of the burden level of electricity expenditure varies among regions. This factor prompted the consumption growth of provinces with high growth vitality for household electricity consumption. However, for provinces with low growth vitality, the situations are the opposite. The Chinese government should increase the cross-subsidy of provinces with low growth vitality, and decrease the cross-subsidy of provinces with high growth vitality.
(6) Because electricity price and population changed very slightly, the impacts of them on household electricity consumption growth are negligible.
